F&een mature, nonpregnant, nonlactating Angus cows (498 kg) were individually fed through two consecutive phases (maintenance [MI, 80 d and ad libitum [A], 70 to 79 d) to estimate within-herd variation in individual cow ME requirements for maintenance (m and to identify factors contributing to this variation. Body composition was determined at initiation of phase h4, at temination of phase M (also initiation of phase A) and at the end of phase A by a twcqool -0 dilution technique. Daily ME, averaged 156.7 kcaVkg BW.75 (SD = 18.4 kcaVkg BW75) and efficiency of ME use for tissue gain or loss averaged 76% (SD = 30%). Estimates of ME intake to maintain 1 kg of protein or 1 kg of fat were 192.9 (SE = 24.8) or 20.7 (SE = 21.5) kcal. These data indicate that among cows of similar fat masses, those with larger protein masses had higher energy requirements for maintenance. Daily ME, was positively correlated (P < .16) with liver weight (r = .a) and relative proportions of liver (r = .44; P < .16) and heart (r = .48; P < .lo) in the empty body. Also, daily ME, was comlated negatively (P < .05) with weight (r = -.71) and relative proportion of omental and mesenteric fat (r = -.78). Estimates free access to minerals and water. Feed offered was recorded, and weighbacks were weighed and sampled daily. At the end of phase A, cows were slaughtered and weights of head, hide, feet, heart, lungs, liver, spleen, kidneys, empty trimmed gastrointestinal tract (GIT), omental and mesenteric fat (GlT fat) and carcass were recorded, and relative propoAons of these organs in the empty body were calculated.
data from 10 bull calves from each of five beef breeds. Mare recently, Carstens et al. (1989) observed that &, measured at 9 and 20 mo, differed between pairs of monozygous twin beef calves, demonstrating that considerable genetic variation existed for this trait. They computed heritability estimates as intraclass correlations between records of monozygous twin pairs of .71 and .49 at ages 9 and 20 mo, respectively. These findings indicate that it may be possible to change energy requim ments through genetic selection.
Selection pressure for daily weight gain or milk production is positively related to fasting heat production because genetic potential for daily weight gain or milk production is associated with greater metabolic activity (Jenkins et al., 1986). Thus, efforts to improve energetic efficiency in beef cattle may result in slower growth rates or reduced milk production. In the study reported herein, cows from an Angus herd that has been under selection pressure for growth rate and to which no outside maternal lines have been infused for over 30 yr were used to estimate within-herd variation of energy requirements and efficiency and to identify factors contributing to this Variation.
Experlmental Procedure
Eighteen mature, nonpregnant, nonlactating Angus cows (498 kg; average age, 7.3 f .68 yr) were randomly grouped in two concretefloored pens equipped with calm4 e~ectronic gate feeders and fed through two consecutive phases-maintenance (M) and ad libitum (A).
Phase M was conducted between June 3 and August 24, 1985, and phase A was conducted between August 25 and November 12, 1985. Average maximal and minimal temperatures were 26 and 14'C, respectively, for phase M, and 16.8 and 6.3'C, respectively, for phase A. Highest and lowest temperature readings were 38.3 and 3.3.C for phase M, and 31.7 and -7.2'C for phase A. Highest temperature during phase M occurred only once (next highest temperature was 32.8.C) at the beginning of this phase (June 8, 1985) ; lowest temperature during phase A occurred November 11, 1985. Cows were subjected to a 2 1 d adaptation period prior to initiation of phase M. During the adaptation period and phase M (80 d), individual cows were fed an amount of the experimental diet based on dehydrated alfalfa pellets to maintain BW according to an equation developed for beef cows in northern latitudes (Lamon, 1985) . The equation was developed from a group of 69 gestations of straightbred Hereford cows in their last half of gestation (Larson, 1985 Body composition was determined for each cow at initiation of phase M, at transition between phases M and A, and at the end of phase A using a two-pool deuterium oxide @20) isotope dilution technique (Byers, 1979b) . Blood samples were collected in heparinized (dried) 12-ml polypropylene tubes, with collection times recorded to the nearest second. Samples were frozen immediately and later lyophilized. Samples of blood water were analyzed for &O concentration using infrared spectrophotometry at a wavelength of 4 p (Byers, 1979a) . A two-pool kinetic model and equations (Byers, 1979b) were used to estimate empty bcdy water and GlT fill. Empty body fat (EBFAT) and protein (EBPRO) were calculated from empty body water (EBWAT) content using equations of Byers (1979b Spitzer, 1986) were estimated at the time of body composition determined by two experienced scorers. Individual scores were averaged for each cow and time.
Diet DM digestibility @DMD) was determined for each cow within each phase using AIA as an internal marker (Van Keulen and Young, 1977) . Fecal samples were collected three times daily by rectal palpation for 5 d starting on d 37 of phase M (constant feed intake) or on d 58 of phase A (after feed intake had plateaued), respectively. Feed samples wexe collected once daily for 5 d starting 3 d before each fecal collection period. Feed and fecal samples were dried at 50'C for 72 h, composited for each cow within phase, ground through a l-mm screen and analyzed for ALA content (Van Keulen and Young, 1977) . Gross energy of feed and fecal samples was determined by adiabatic bomb calorimetry. Metabolizable energy (ME) was estimated as 82% of DE (NRC, 1984) .
Body composition data from two cows was aberrant and feed intake data ftom another two .04 'Means for each feeding phase are different (P < .OS).
cows were invalid; thus, data from only 14 cows were kept for analysis. Individual daily ME requirements for maintenance (M& zero energy retention) were estimated by extrapolating the plot of RE (kcaVkg BW.75) against ME intake (kcaVkg BWS'~) from values for phases M and A to zero RE. Estimates of individual efficiencies of ME use for tissue energy gain (MEEFF) were provided by the slopes of the individual plots of RE on ME intake. Estimates of individual efficiencies of ME use for BW gain (ME ) were obtained by the slopes of the plots of intake on ADG. Across cows, estimates of ME required for maintenance of protein and fat tissue were obtained from the multiple regression (0 intercept) of daily ME intake for maintenance on average protein and fat ( ) composition. Daily ME intake (lccavkg gain as protein and as fat (kcal/kg BW% Old and Garrett, 1985) . In this model, the intercept is an estimate of MF&, and the regression coefficients are estimates of ME required for protein or fat deposition. Estimates of efficiencies of protein or fat deposition were obtained from the inverse of respective regression coefficients. An attempt to determine whether ME, affected energy req~ements for protein or fat energy gain was made. The model of Old and Garrett (1985) was modified to include terms for individual ME, and interactions between MEm and energy gain as protein or fat. Collinearity analysis (Belsley et al., 1980) was performed on multiple regression models to test for existence of multicollinearities between fat and protein gains.
Effects of feeding phase or time of determination on DM intake, energy digestibility, dietary energy content or body composition were evaluated using ANOVA. Separation of mean differences was accomplished using least squares procedures (Steel and Tome, 1980) . Relationships among energy requirements, efficiencies, BCS and weights and relative BW7 9 ) was regressed on ener proportions of organs in the empty body were described by simple correlation. Regression models were used to describe effects of ADG, DM and(or) ME intake on weights of liver and other vital organs.
Results and Dlscusslon
The diet fed during phase A included corn in order to obtain a high level of DE intake. As expected, addition of corn to the diet fed in phase A increased (P < .05) digestibility of dietary energy (Table 1) . As a result of increased energy digestibility, energy content of the diet fed during phase A increased .25 kcal DE/g and 21 kcal ME/g. Body weight and empty BW (EBW) remained constant during phase M (Table 2) .
Apparently, use of BW and ADG predicted energy requirements for maintenance of BW acceptably for cows in the present study. Although the equation used to adjust DMI was derived from pregnant cows, adjustment of ADG to zero or near zero permitted estimation of DMI for maintenance of BW. Empty body water and EBPRO tended to increase (P = .15), whereas EBFAT tended to decrease (P = .13) during phase M (Table 2 ). Other researchers have indicated that fat decreases as a result of prolonged maintenance of BW (Frisch and Vercoe, 1976; Ledger and Sayers, 1977; Murray et al., 1977) . Perhaps the cows in this study were retaining protein at the expense of body fat. Similar results were obtained with lambs fed a diet slightly above maintenance (Thomson et al., 1982) . Nevertheless, these changes in EBPRO and EBFAT are dependent on the assumption that their proportionality to empty body water remained constant despite changes in body composition.
During phase A, BW and EBW increased 23.7 and 26.8%, respectively. Empty body water and EBPRO increased approximately 11%, whereas EBFAT doubled. Thus, aver- Efficiency of ME use for tissue energy gain averaged 76.0% (Table 3) . Solis et al. (1988) observed MEEFF of Angus cows to be 80.6%. The standard deviation of MEEFF was 30% in the present study. This estimate is higher than that obtained for cows of various breeds (18.8%; Solis et al., 1988) . If these estimates of within-herd variation in energy requirements and energy efficiency obtained in the present study represent normal within-herd variation in energy efficiency rather than experimental error, these data demonstrate that cows with markedly different energetic efficiencies may be found within a herd.
A check was conducted to determine whether estimated variation in -resulted from differences in this trait among cows.
Average daily gain was predicted for each cow and period from available ME for gain (ME intake -m, kcad) and ME requirement for gain of mature beef cows (NRC, 1984). Coefficient of correlation between predicted and observed ADG was .94 (P < .OS).
indicating that a estimates obtained for these cows were highly repeatable. This observation also suggests that estimated within-herd variation in ME, reflects true between-cow differences in this trait.
Estimated maintenance requirements per kilogram of tissue were lower for fat than for protein (Table 4) . Therefore, with cows of similar fat masses, cows with larger lean masses have higher maintenance energy requirements. Using average body composition values from the present study and these estimates of energy required for fat and protein maintenance, we calculated that of the total energy requirement for maintenance, 88.6% was used to maintain protein and only 11.4% was used to maintain fat. A similar observation was made for rats, for which lean body weight was the primary determinant of maintenance requirements (Pullar and Webster, 1977) . The estimate of energy requirements for maintenance of fat approaches zero (Table 4) . A similar response was observed by Thompson et al. (1983) with Angus x Hereford cows, where a negative maintenance energy requirement for fat indicated that €at cows had lower winter maintenance energy requirements. Pullar and Webster (1977) also observed that with rats, body fat reduced maintenance requirements per unit of lean tissue; their calculations indicated. that maintenance energy requirements for fat were negative.
Correlations among energy requirements, ME efficiences, BCS and weights and relative proportions of organs in the empty body are presented in Table 5 . Estimates of ME, were positively correlated with weights of liver and relative proportions of liver and heart in the empty body. Correlation coefficients among these traits tended to be low (r = .40 to .48), perhaps because ME, calculated by the regression method used data from cows fed in two feeding phases, approximately 160 d. Nevertheless, these results are in agreement with the observation that liver weight was positively correlated with fasting heat production (Koong et al., 1985) . The conclusion from this and a review of factors affecting energy requirements (Ferrell and Jenkins, 1985) was that variation in energy expenditures was related to variation in weights of metabolically active organs. Apparently, energy requirements are influenced by weights of metabolically active organs. When a cow has the genetic makeup for high production, her energy requirements reflect a higher metabolic rate associated with production. Weights of metabolically active organs increase in response to increased metabolism. Increased metabolism is reflected in increased Na+, K+-adenosinetriphosphatase activity (Milligan and McBride, 1985; Rompala and Hoagland, 1987) . blood flow and oxygen consumption (Huntington et al., 1980 (Huntington et al., , 1981 McBride and Milligan, 1985; Huntington and Reynolds, 1987) and(or) protein synthesis (Reeds et al., 1985; Lobley et al., 1987; Oddy et al., 1987) .
Negative correlations (P < .05) between ME, and GIT fat mass and relative proportion of GI fat in the empty body were observed. "his is in agreement with results obtained from the model used to partition energy for maintenance into requirements for maintenance of protein and fat (Table 4) ; cows with larger fat masses had lower energy requirements. In contrast, BCS was negatively but lowly (P > .16) correlated with m, indicating that this .90
BReciprocd of regression cocfticients. subjective measurement of external fat was not as closely associated with ME, as was internal fat.
Efficiency of ME use for tissue energy gain was negatively correlated (P = .16) with efficiency of ME use for BW gain. This is because MEEFF measures the ratio of energy gain to energy intake above maintenance, which is positively correlated to fat gain, whereas ME measures live weight gain (mainly protein and associated water and mineral deposition). This is supported by a positive correlation between MEEFF and BCS. Efficiency of ME use for tissue energy gain was positively (P < .lo) correlated with weight of spleen, negatively correlated with kidney weight (P c .lo) and tended (P = .16) to be negatively correlated with relative proportion of kidney in the empty body. The biological significance of these relationships is unclear.
Regression of ME intake on protein and fat gain resulted in estimates of and energy required for protein and fat deposition (Table  6 ). Fat and protein gain were not correlated (r = -. 10). Multicollineaxities were not detected by collinearity analysis. All regression estimates were different from zero (P = .001), but the estimate of ME, obtained by this method was slightly lower than the average of individual ME, requirements. It is not clear why ME, estimated by partitioning ME intake was lower (8.7%) than the average of individual ME, obtained from plots of RE vs ME intake.
Estimates of ME, derived from partitioning ME intake were 13% lower than ME, estimates derived from regression of log of heat production on ME intake (Old and Garrett, 1985) . Nevertheless, including terms for ME, and interactions between I d & . , and energy gain as protein or fat in the model described by Old and Garrett (1985) yielded a coefficient for ME, close to one (.98; P = .06), and the intercept did not differ from zero (1.53 kcaljkg BW.75; P = .98; data not tabulated). This indicates that estimates of ME, obtained by partitioning of ME intake or from plots of RE vs ME intake did not differ.
Interaction terms for ME, and energy gain as protein or fat were not significant (P > .39). Thus, within a herd, differences in ME, probably do not affect requirements for energy deposition as protein or fat. The estimate of ME required for protein deposition was 5.56
kcal MJYkcal protein Vable 6). Similar estimates were obtained by Rompala et al. (1985) with straightbred Charolais or Charolis x Simmental 7-mo-old steers (5.40 kcal ME/kcal protein) and by Geay (1984) with published data from various reports (5.0 kcal MEkcal protein). Values reported in the present study are within the range of values reported by Byers (1982) . The corresponding estimate of efficiency of protein deposition (18.0%) is only onefourth of the theoretically calculated estimate for protein deposition in ruminants (Van Es, 1980) . Differences between calculated and theoretical efficiencies probably are due to energy costs associated with protein turnover and ion transport (Geay, 1984; Old and Garrett, 1985) . Because calculated estimates of requirements for energy deposition obtained with growing steers range from 11.4 to 2.5 kcal IvWlccal protein and values obtained in this study are intermediate in this range, age or maturity probably is not a major determinant of energy required for deposition of protein. Other factors such as feeding level, growth rate and BW have been identified as affecting energy cost of protein deposition (Geay, 1984) .
The estimate of ME required for fat deposition was 1.26 kcal MWkcal fat (Table   6 ). This is equivalent to an efficiency of 79.4% for fat deposition, which is at the upper range of values found in the literature (Ferrell and Jenkins, 1985) . Old and Garret (1985) observed that ME requirements for fat gain were 1.7 and 1.75 kcal ME/kcal fat for Hereford and Charolais steers, respectively. The value given by Geay (1984) was 1.58 kcal ME/kcal fat and. Rompala et al. (1985) f o q d that the ME requirement for fat deposition was 1.34 kcal ME/kcal fat. The higher efficiency of fat deposition for cows in the present study possibly is due to the fact that cows had reached maturity, whereas values form cited references were obtained with growing steers. When cows were permitted to gain weight (phase A), weights of liver and vital organs (sum of liver, spleen, heart and kidney weights) were correlated positively (R2 = .47 and 52, respectively) with ADG (Table 7) . Similar relationships were described between organ weights (liver, heart, kidney, stomach, small and large intestine, and spleen) and ADG for lambs (Ferrell et al., 1986) . Utilization of either ME or DM intake as a predicting variable improved the coefficient of determination, but only the model that contained DM intake as a covariate provided a significant improvement (P < .05) compared with the simple regression model ( Table 7) . Models containing DM intake as a covariate explained 73 and 79% of the variation in liver and vital organ mass, respectively. These findings are in agreement with the observation that as level of performance (i.e., milk production or ADG) or feed intake increases, relative amount of liver and energy expenditure increase (Ferrell et al., 1986; Jenkins et al., 1986) . These researchers also observed that the positive relationship between slaughter weight and the proportion of liver to body weight tended to be linear.
Because selection for energetically efficient cows may alter production traits, evaluation of the relationship between energy requirements and production traits was justified. Regression of adjusted weaning weight of the progeny or most probable productive ability (MPPA) values of the d a m s on h.IE, yielded negative but nonsignificant correlations (data not tabulated). The strongest correlation was between adjusted weaning weight and ME, (r = -.30).
Results of this study indicate that withinherd variation of energy requirements may be similar to between-herd variation. The SD observed in this and in studies with cows from diverse breeds indicates that within a herd or across breeds, varies as much as 35%. If we consider an average cow weight of 500 kg, cows outside the upper end of 1 SD (approximately 16.5% of the population) require at least an additional 2.9 McaVd for maintenance. Obviously under-and overfeeding frequently occur in a herd feeding situation. Effects of over-and underfeeding are evidenced by low production efficiency. Results of this research support the conclusion that energetically efficient cows can be identified and selected from a herd. Body composition, especially protein mass, was found to affect energy requirements. Genotype also influences metabolic activity and thus affects weights of metabolically active organs such as liver and heart. Require-. ments for protein deposition of beef cows were similar to those obtained with growing cattle, indicating that efficiency of protein deposition is not altered by maturity. On the other hand, requirements for fat deposition of beef cows were lower than those recorded for growing cattle, possibly a result of the shift in nutrient partitioning toward fat deposition that occurs when cattle reach maturity. Effects of level of gain were evident on liver and vital organ mass as has been observed for cattle and lambs.
Imp1 lcatl ons
Considerable genetic variation exists for metabolizable energy for maintenance. This variation appears to result from individual differences in body composition and vital organ mass. Thus, selecting energetically efficient cows from a breed or herd may be possible. However, heritability estimates for metaboliile energy for maintenance and genetic or phenotypic correlations between metabolizable energy for maintenance and production or health traits remain to be determined.
